A pale yellow, ovoid-to rod-shaped and budding bacterium, designated strain M-S13-148 T , was isolated from a decayed bone of whale from the eastern coast of King George Island, South Shetlands, Antarctica. Strain M-S13-148 T exhibited motility, aerobic growth and was Gram-stain-negative. Strain M-S13-148 T was positive for catalase and oxidase. Growth was observed at pH 6.0-9.0, at 4-42 8C and with 0-14 % (w/v) NaCl. The novel strain contained diphosphatidylglycerol, phosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine and an unknown phospholipid as the major polar lipids. The dominant cellular fatty acids were summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c), (58.8 %) and C 16 : 0 (11.7 %). The respiratory quinone was Q-10 and the DNA G+C content was 60.9 mol%. Neighbour-joining, maximumlikelihood and minimum-evolution phylogenetic trees, based on 16S rRNA gene sequences, indicated that strain M-S13-148 T belonged to the genus Roseovarius and was most closely related to Roseovarius nanhaiticus CCTCC AB 208317 T (93.72 % 16S rRNA gene sequence similarity). The 16S rRNA gene sequence similarity with respect to members of the genus Roseovarius ranged from 91.81 to 93.94 %. On the basis of phenotypic, molecular and chemotaxonomic characteristics, strain M-S13-148 is considered to represent a novel species of the genus Roseovarius, for which the name Roseovarius antarcticus sp. nov., is proposed. The type strain is M-S13-148 T (5CCTCC AB2014072 T 5LMG 28420 T ).
The genus Roseovarius, belonging to the class Alphaproteobacteria, with Roseovarius tolerans as the type species, was first described by Labrenz et al. (1999) . At the time of writing, the genus comprises 17 species with validly published names most of which were isolated from marine environments: Roseovarius litoreus (Jung et al., 2012) , Roseovarius sediminilitoris and Roseovarius marisflavi (Li et al., 2013) . Some strains belonging to R. tolerans formed bacteriochlorophyll a (Bchl a) and others did not, and two only formed photosynthetic pigments after six years of cultivation (Labrenz et al., 1999) . Biebl et al. (2005) estimated that the Bchl a content in the cells of Roseovarius mucosus DFL-24 T was 0.05 nmol (mg protein) 21 . Many species of the genus Roseovarius were free of Bchl a, such as Roseovarius nubinhibens (González et al., 2003) , Roseovarius aestuarii (Yoon et al., 2008) , Roseovarius pacificus (Wang et al., 2009) , Roseovarius marinus (Jung et al., 2011) , Roseovarius nanhaiticus (Wang et al., 2010) and Roseovarius halocynthiae (Kim et al., 2012a) . The pufL/M genes of the Roseovarius genus were present in all known eight strains of R. tolerans (Allgaier et al., 2003) , R. mucosus DFL-24 T (Biebl et al., 2005) and Roseovarius indicus (Lai et al., 2011) . Boettcher et al. (2005) showed that neither R. nubinhibens nor Roseovarius crassostreae contained pufL/M genes. Members of the genus Roseovarius contained Q-10 as the predominant respiratory quinone, C 18 : 1 v7c and C 16 : 0 as the principal IP: 54.70.40.11
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Strain M-S13-148 T was isolated from a sample of decayed whale bone collected from the eastern coast of King George Island, South Shetlands, Antarctica (628 13.1299 S 0588 57.3539 W) in February 2013. Isolation was carried out using the standard dilution plating technique on 3/5diluted marine broth 2216 agar (MB; BD) at 4 8C for a month. The strain was routinely cultured on MB agar at 25 8C and stored by lyophilization. The genomic DNA of strain M-S13-148 T was extracted using the method described by Weisburg et al. (1991) and it then served as a DNA template for PCR with the universal bacterial primer pair 27F and 1492R to amplify the 16S rRNA gene. The PCR products were sent to GenScript (Nanjing, PR China) for sequencing. The sequence of strain M-S13-148 T was compared with the 16S rRNA gene sequences of related taxa, which were obtained from the EzTaxon-e server (Kim et al., 2012b) . Sequences were aligned using the Silva, SINA Alignment Service (Pruesse et al., 2012) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou, 1991) , maximum-likelihood (Felsenstein, 1981) and minimum-evolution (Rzhetsky & Nei, 1992) methods with the software package MEGA version 5.0 (Tamura et al., 2011) . The topologies of the phylogenetic trees were evaluated by the bootstrap resampling method of Felsenstein (1985) with 1000 replicates.
The 16S rRNA gene sequences of strain M-S13-148 T determined in this study comprised 144 0 nt. Strain M-S13-148 T exhibited the highest levels of 16S rRNA gene sequence similarity with R. aestuarii SMK-122 T (93.94 %), followed by Pelagicola litorisediminis D1-W8 T (93.74 %), R. nanhaiticus NH52J T (93.72 %), Jannaschia donghaensis DSW-17 T (93.52 %), R. mucosus DFL-24 T (93.50 %) and Roseovarius lutimaris 112 T (93.39 %). The results of the phylogenetic analysis based on 16S rRNA gene sequences indicated that strain M-S13-148 T was affiliated to the genus Roseovarius and clustered with R. nanhaiticus CCTCC AB 208317 T in the neighbour-joining ( Fig. 1 ), maximumlikelihood and minimum-evolution trees ( Fig. S1 , available in the online Supplementary Material). P. litorisediminis KCTC 32327 T and R. lutimaris JCM 17743 T also clustered closely with strain M-S13-148 T . Therefore, R. nanhaiticus CCTCC AB 208317 T , P. litorisediminis KCTC 32327 T , R. lutimaris JCM 17743 T , R. aestuarii CCUG 53525 T (with the highest sequence similarity), R. tolerans NBRC 16695 T (the type species of genus Roseovarius) and Pelagicola litoralis DSM 18290 T (the type species of genus Pelagicola) were selected as reference strains for subsequent experiments.
The Gram-staining of cells was carried out according to the classical Gram-staining procedure described by Doetsch (1981) . Cell morphology and flagellation were examined by transmission electron microscopy (H-8100; Hitachi) using cells grown for 3 days at 25 8C on MB agar. Gliding motility (Bowman, 2000) was investigated by phase-contrast microscopy (BX51; Olympus). Poly-b-hydroxybutyrate (PHB) accumulation was detected through a fluorescence microscope (BX51; Olympus) after staining with a fluorescent dye called Nile Bule A (Tindall et al., 2007) . Growth was evaluated at 25 8C on five standard bacteriological media (all from BD): marine broth 2216 (MB) agar, R2A agar, tryptic soy broth (TSB) agar, nutrient agar (NA) and MacConkey agar. Growth at different temperatures (4, 10, 18, 20, 25, 28, 30, 37, 42, 45, 50 8C) was cultivated on MB agar for a week. The pH range for growth was determined in MB broth at pH 5.0-10.0 (in increments of 1.0 pH unit). For the pH experiments, three different buffers were used (each at a final concentration of 50 mM): acetate for pH 5.0-5.5; phosphate for pH 6.0-8.0 and Tris for pH 8.5-10.0. Salt tolerance was tested on NA supplemented with 0-20.0 % NaCl (w/v) (in increments of 1.0 %) at 25 8C. Growth under anaerobic conditions was determined on MB agar with potassium nitrate (0.1 %, w/v) added after incubation in a GasPak (OXOID) jar at 25 8C for a month. Oxidase activity was evaluated via the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine (Kovacs, 1956) . Catalase activity was determined by measurement of bubble production after the application of 10 % (v/v) hydrogen peroxide solution. The hydrolysis of Tweens 20, 40, 60 and 80, starch and casein were detected as described by Cowan & Steel (1965) . Degradation of hypoxanthine, xanthine and guanine were assessed on MB agar, using the substrate concentrations described by Cowan & Steel (1965) . Other physiological and biochemical tests were determined with API 20NE, API 20E, API 50CH and API ZYM galleries (bioMérieux), according to the manufacturer's instructions. Susceptibility to antibiotics was tested using the disc-diffusion process (Bauer et al., 1966) with the following antibiotics (mg per disc unless otherwise specified): cycline (30), neomycin (10), novobiocin (5), cefoperazone (75), ciprofloxacin (5), ceftriaxone (30), erythromycin (15), ampicillin (10), kanamycin (30), norfloxacin (10), cephazolin (30), streptomycin (10), ofloxacin (5), rifampicin (5), chloramphenicol (30), cefradine (30), gentamicin (10), polymyxin B (300 U/IE), clindamycin (2), lincomycin (2), furazolidone (15), metronidazole (5), vancomycin (30), trimethoprim (25), cefotaxime sodium (30), doxycycline (30) and carbenicillin (100). The experimental results were recorded after 5 days of incubation of all test plates at 25 8C. Production of Bchl a was determined by extracting with acetone/methanol (7 : 2, v/v) then analysis with a Power Wave XS UV/visible spectrophotometer (BioTek) as described by Martens et al. (2006) . The pufM gene was detected by the PCR method using pufM 568F (59-CGCACCTTGACTGGAC-39) and pufM 698R (59-RTRGCGGGTCACCGCCAGAA-39) as the primer pair; the detailed reaction conditions have been described by Boettcher et al. (2005) .
The motility of strain M-S13-148 T was observed in gliding experiments. Thorough examination by transmission electron (H-8100; Hitachi) determined that a flagellum was not found in strain M-S13-148 T . However, it can propagate by budding, consistent with the character of the genus 
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Roseovarius as Labrenz et al. (1999) described (Fig. S2) . These characteristics represent obvious differences from those of the genus Pelagicola, which were proposed by Kim et al. (2008) . However, in our study there was a single polar flagellum observed in R. nanhaiticus NH52J T , which was not reported previously (Wang et al., 2010) . Strain M-S13-148 T grew well on MB, TSA, R2A and NA, but not on MacConkey agar. Growth occurred at 4-42 8C and at pH 6.0-9.0. The range of NaCl for growth was 0-14.0 % (w/v) and optimum growth occurred without NaCl. The strain M-S13-148 T had good tolerance, which is consistent with the description of the genus Roseovarius (Labrenz et al., 1999) . The absence of Bchl a and the pufM gene was coincident with most recognized members of the genus Roseovarius. There was PHB accumulation in cells and this also agreed with R. tolerans EL-172 T (Labrenz et al., 1999) and R. marisflavi H50 T (Li et al., 2013) , but not with data on the genus Pelagicola (Kim et al., 2008) . In addition, strain M-S13-148 T was sensitive to penicillin G, cefoperazone, ciprofloxacin, ceftriaxone, ampicillin, cephazolin, gentamicin and cefotaxime sodium, but resistant to tetracycline, neomycin, novobiocin, erythromycin, kanamycin, norfloxacin, streptomycin, ofloxacin, rifampicin, chloramphenicol, cefradine, polymyxin B, clindamycin, lincomycin, furazolidone, metronidazole, vancomycin, trimethoprim, doxycycline and carbenicillin. Other physiological characteristics of strain M-S13-148 T are summarized in the species description. Selected characteristics differentiating strain M-S13-148 T from related species of the genus Roseovarius and Pelagicola are shown in Table 1 .
For analysis of cellular fatty acids, strain M-S13-148 T and reference strains were grown on MB agar plates at 25 8C and the biomass was harvested. The cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI) version 6.0. Separation and identification of fatty acids methyl esters was performed using a gas chromatograph (6890N; Aglient) with MIDI Sherlock TSBA6 (version of the database) (Sasser, 1990) . The respiratory quinones of strain M-S13-148 T were extracted and identified by HPLC (UltiMate 3000, Dionex) as described by Xie & Yokota (2003) . Polar lipids were extracted using the procedures described by Minnikin et al. (1984) and identified by two-dimensional TLC (Tindall, 1990) . The genomic DNA G+C content of strain M-S13-148 T was detected by HPLC (UltiMate 3000; Dionex), according to the method of Mesbah & Whitman (1989) .
The major cellular fatty acids (.10 % of the total fatty acids) identified in strain M-S13-148 T were summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c, 58.8 %) and C 16 : 0 (11.7 %). The fatty acid profiles of the novel isolates and reference strains were generally similar in that the predominant fatty acid was summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c), while the proportions of summed feature 2 in strain M-S13-148 T were higher than those of the reference strains. Detailed fatty acid composition data are shown in Table 2 . Strain M-S13-148 T contained Q-10 as the only respiratory quinone; this was common to all members of the genus Roseovarius. The TLC results of polar lipid analysis are displayed in Fig.S3 . The predominant polar lipids of strain M-S13-148 T were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine and an unknown phospholipid, which was in accordance with those of R. tolerans EL-172 T and R. halocynthiae MA1-10 T (Kim et al., 2012a) . Strain M-S13-148 T can be distinguished from members of the genus Pelagicola (Kim et al., 2008; by the presence of diphosphatidylglycerol. The DNA G+C content of strain M-S13-148 T was 60.9 mol%.
On the basis of the data presented, M-S13-148 T should be classified as a member of a novel species of the genus Roseovarius, for which the name Roseovarius antarcticus sp. nov., is proposed.
Description of Roseovarius antarcticus sp. nov.
Roseovarius antarcticus (ant.arc'ti.cus. L. masc. adj. antarcticus southern by extension, pertaining to the Antarctic).
Gram-stain-negative, mobile and cannot form endospores. Ovoid-to rod-shaped with an approximate size of 0.4-1.2|0.8-2.3 mm. Flagella are not found, but it can reproduce by budding. Colonies are pale yellow, circular, slightly convex and smooth after growth for 3 days at 25 uC on MB agar. Growth occurs at 4-42 uC (optimum 18-30 uC) and at pH 6-9 (optimum pH 6). Cells grow aerobically and can accumulate PHB, while they do not produce Bchl a. The pufM gene is also absent. Both oxidase and catalase are positive. As for hydrolysis tests, degradation of starch, casein, Tweens 40, 60 and 80, hypoxanthine, xanthine and guanine are all negative, but Tween 20 is positive. In API ZYM tests, positive reactions for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, naphthol-AS-BI-phosphohydrolase and b-glucosidase, but negative reactions for valine arylamidase, cystine arylamidase, acid phosphatase, aand b-galactosidase, a-glucosidase, N-acetyl-b-glucosaminidase, lipase (C14), trypsin, achymotrypsin, b-glucuronidase, a-mannosidase and afucosidase. API 20NE test data show all activities to be negative, except for nitrate reductase. Acid production from API 50CH strips show that all reactions are negative, except for aesculin and 5-keto-gluconate. Arginine dihydrolase and the Voges-Proskauer reaction are positive (API 20E strips); other results are negative. The principal respiratory quinone is Q-10 and the major cellular fatty acids are summed feature 8 (C 18:1 v7c and/or C 18:1 v6c), C 16:0 . The predominant polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine and an unknown phospholipid.
The type strain M-S13-148 T (5CCTCC AB2014072 T 5LMG 28420 T ) was isolated from a sample of decayed whale bone collected from the eastern coast of King George Island, Downloaded from www.microbiologyresearch.org by IP: 54.70.40.11
On: Sun, 12 May 2019 20:56:38 Table 1 . Differential characteristics of strain M-S13-148 T and the six reference strains Strains: 1, M-S13-148 T ; 2, R. nanhaiticus CCTCC AB 208317 T ; 3, R. aestuarii CCUG 53525 T ; 4, R. tolerans NBRC 16695 T ; 5, R. lutimaris JCM 17743 T ; 6, P. litorisediminis KCTC 32327 T ; 7, P. litoralis DSM 18290 T . All data were taken from this study unless otherwise indicated. All strains were cultivated at 25 8C on MB agar. All strains were positive for activity of catalase and oxidase; activity of esterase lipase (C8), leucine arylamidase; and susceptibility to penlicillin G. All strains were Gram-stain-negative and negative for: spore-forming; hydrolysis of xanthine and susceptibility to lincomycin. In API ZYM, all strains were negative for the activity of lipase (C14), cystine arylamidase, trypsin, aand b-galactosidase, b-glucuronidase, a-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase, a-fucosidase. In API 20NE, all strains were negative for: b-galactosidase; indole production; D-glucose fermentation; hydrolysis of L-arginine, urea and aesculin; assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. In API 20E, all strains were negative for the activity of b-galactosidase, L-lysine decarboxylase, L-ornithine decarboxylase, urease, L-tryptophan deaminase; utilization of sodium citrate; production of H 2 S and indole; fermentation or oxidation of D-glucose, D-mannitol, inositol, D-sorbitol, sucrose, melibiose, amygdalin and L-arabinose. The predominant ubiquinone of all the strains was Q-10.+, Positive; W, weakly positive; 2, negative; ND, no data available; NF, not found. PG, phosphatidylglycerol; DPG, diphosphatidylglycerol; PC, phosphatidylcholine; PE, phosphatidylethanolamine; PL1, phospholipid 1; PL2, phospholipid 2; AL, aminolipid; Ls, lipids; AL1, aminolipid 1; L1, lipid 1; L2, lipid 2; L3, lipid 3. Table 2 . Cellular fatty acid compositions (as percentages of the total) of strain M-S13-148 T and the most closely related members of the genus Roseovarius Strains: 1, M-S13-148 T ; 2, R. nanhaiticus CCTCC AB 208317 T ; 3, R. aestuarii CCUG 53525 T ; 4, R. tolerans NBRC 16695 T ; 5, R. lutimaris JCM 17743 T ; 6, P. litorisediminis KCTC 32327 T ; 7, P. litoralis DSM 18290 T . All data are from this study using cells in the late-exponential phase of growth on MB agar medium at 25 8C. 2, None detected; TR, trace amounts (,0.5 %).
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C 10 : 0 3-OH 0.6 TR TR TR TR 0.5 3.7 C 12 : 0 6.3 3.3 5.5 TR 2 4.6 TR C 12 : 1 3-OH 2 2 2 3.5 2 TR TR C 12 : 0 3-OH 2 3.2 6.6 TR 2 4.2 TR C 14 : 0 0.5 0.6 0.6 TR 0.6 TR TR anteiso -C 15 : 0 0.9 2 2 TR 2 2 2 C 16 : 0 11.7 16.4 15.0 8.6 11.4 14.7 4.6 C 16 : 0 2-OH 2 2 2 0.9 2 2 2.0 C 17 : 1 v8c 2 2 2 1.2 0.5 TR TR C 17 : 0 2 TR TR 2.4 1.0 0.7 TR anteiso -C 17 : 0 0.6 2 2 2 2 2 2 C 18 : 0 TR 1.3 0.9 0.7 0.8 1.2 1.4 C 18 : 1 2-OH -2 2 2 3.4 C 18 : 1 v7c 11-methyl 6.8 14.6 0.7 4.1 3.5 7.0 0.7 C 19 : 0 cyclo v8c 2.8 2 1.8 1.7 1.6 0.5 2 Summed features* Summed feature 2 5.2 TR 2 2 2 2 2 Summed feature 3 4.0 3.9 0.7 0.7 2.6 0.5 TR Summed feature 5 2 2.3 2 2 2 2 TR Summed feature 7 0.6 0.6 2 1.4 2 TR 2 Summed feature 8 58.8 50.3 66.7 72.8 73.5 64.7 85.4 *Summed features are groups of two or three fatty acids that cannot be separated by GLC with the MIDI system. Summed feature 2 contained iso-C 16 : 1 -I and/or C 14 : 0 3-OH; Summed feature 3 contained C 16 : 1 v7c and/or C 16 : 1 v6c; Summed feature 5 contained C 18 : 2 v6, 9c and/or anteiso-C 18 : 0 ; Summed feature 7 contained C 19 : 1 v6c, C 19 : 0 v10c cyclo and/or unknown fatty acid ECL 18.64. Summed feature 8 contains C 18 : 1 v7c and/or C 18 : 1 v6c.

